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1. HISTORY 
The beginning of EDM came during the Second World War, when two 

Russian physicists B.R. and N.I. Lazarenko published their study on 

“The Inversion of the Electric Discharge Wear Effect”, which is related 

to the application to manufacturing technology of the capacity of 

electrical discharges, under controlled distribution, to remove metal. 

EDM was being used at that time to remove broken taps and drills. 

The early “Tap- Busters” disintegrated taps with hand fed electrodes, 

burning a hole in the center of the tap or drill, leaving the remaining 

fragments that could be picked out. This saved workpieces and very 

expensive parts from being scrapped and having to be made over 

again. 

 

2. About Electric Discharge Machining (EDM) 
 

2.1. INTRODUCTION 

Electric discharge machining (EDM), sometimes colloquially also 

referred to as spark machining, spark eroding, burning, die sinking or 

wire erosion, is a manufacturing process whereby a desired shape is 

obtained using electrical discharges (sparks). Material is removed 

from the workpiece by a series of rapidly recurring current discharges 

between two electrodes, separated by a dielectric liquid and subject 

to an electric voltage. One of the electrodes is called the tool-

electrode, or simply the ‘tool’ or ‘electrode’, while the other is called 

the workpiece-electrode, or ‘workpiece’. EDM will help and support 

the drive to quality cost and delivery. Knowledge of EDM will provide 

the ability to design parts that are not possible or cost effective to 

produce by any other method. The prospect of machining complex 

shapes in hardened or exotic materials will continue to attract 
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engineers and designers to produce more challenging parts and 

profiles. 
 

 

                                                 Fig 1. Electro discharge machining (EDM)  

 

2.2. Types of EDM 
 

Basically there are two types of EDM: Die-sinking EDM and Wire-cut 
EDM. 

a) Die-sinking EDM 
Die-sinking EDM, also known as Volume EDM or cavity type EDM 
consists of an electrode and a work piece which is submerged in an 
insulating fluid such as oil or other dielectric fluids. Spark erosion 
machines can be also known as vertical, ram, solid or die sinking 
machines. These types of machines have an electrode mounted in 
mainly in the Z axis. They are used to remove broken taps, spark 
cavities into components, produce complex internal spines and gears 
etc. Modern Spark erosion machines have rotational c axis, multiple 
electrode positions and even robot loading. 
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b) Wire-cut EDM 
Wire-cut EDM or Wire EDM (WEDM), also known as Spark EDM is 
mostly used when low residual stresses are required, as it does not 
needs high cutting forces for removal of material. In this type of EDM 
the cutting is done with the help of a fine diameter wire which acts as 
an electrode. 
 

 

 
Fig 2. Die Sinking & Wire Cut EDM Process  [1]  

 

 

3. WIRE ELECTRIC DISCHARGE MACHINING (WEDM) 
 

3.1. INTRODUCTION 

 Wire electrical discharge machining (WEDM) is a specialized thermal 

machining process capable of accurately machining parts with varying 

hardness or complex shapes, which have sharp edges that are very 

difficult to be machined by the main stream machining processes. This 

practical technology of the WEDM process is based on the 

conventional EDM sparking phenomenon utilizing the widely accepted 

non-contact technique of material removal. Since the introduction of 

the process, WEDM has evolved from a simple means of making tools 

and dies to the best alternative of producing micro-scale parts with the 

highest degree of dimensional accuracy and surface finish quality. Wire 

Electrical discharge machining (WEDM) is a non-traditional, 

thermoelectric process which erodes material from the work piece by a 

series of discrete sparks between a work and tool electrode immersed 

in a liquid dielectric medium. These electrical discharges melt and 
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vaporize minute amounts of the work material, which are then ejected 

and flushed away by the dielectric. A wire EDM generates spark 

discharges between a small wire electrode (usually less than 0.5 mm 

diameter) and a work piece with deionized water as the dielectric 

medium and erodes the work piece to produce complex two- and three 

dimensional shapes according to a numerically controlled (NC) path. 

During the WEDM process, the material is eroded ahead of the wire 

and there is no direct contact between the work piece and the wire, 

eliminating the mechanical stresses during machining. In addition, the 

WEDM process is able to machine exotic and high strength and 

temperature resistive (HSTR) materials and eliminate the geometrical 

changes occurring in the machining of heat-treated steels. WEDM was 

first introduced to the manufacturing industry in the late 1960s. The 

development of the process was the result of seeking a technique to  

 

 

Fig 3.Scheme of Wire Electric Discharge Machining [17] 
 
replace the machined electrode used in EDM. It can machine anything 

that is electrically conductive regardless of the hardness, from 

relatively common materials such as tool steel, aluminium, copper, and 
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graphite, to exotic space-age alloys including hastaloy, waspaloy, 

Inconel, titanium, carbide, polycrystalline diamond compacts and 

conductive ceramics[17]. 
 

3.2. Principle 
 

The Spark Theory on a wire EDM is basically the same as that of the 

vertical EDM process. In wire EDM, the conductive materials are 

machined with a series of electrical discharges (sparks) that are 

produced between an accurately positioned moving wire (the 

electrode) and the workpiece. High frequency pulses of alternating or 

direct current is discharged from the wire to the workpiece with a very 

small spark gap through an insulated dielectric fluid (water). The heat 

of each electrical spark, estimated at around 15,000° to 21,000° 

Fahrenheit, erodes away a tiny bit of material that is vaporized and 

melted from the workpiece. (Some of the wire material is also eroded 

away). These particles (chips) are flushed away from the cut with a 

stream of de-ionized water through the top and bottom flushing 

nozzles. 

 

3.3. WEDM Machine 
 

Wire EDM’s are manufactured in various sizes and styles of flush or 

submerged type machines to fit the needs of the consumer. Large 

scale EDM’s can handle workpieces weighing over ten thousand 

pounds and can cut over twenty inches thick. Automatic Wire 

Threaders (AWT) are usually standard equipment on most models. In 

addition to the X-Y table travels, wire EDM’s have U / V travels for 

providing the movement to cut tapers. Most machines can cut tapers 

of 20-30 degrees depending on workpiece thickness. The wire EDM in 

figure 4 represents current technology. The system consists of a CNC 

control, power supply with anti-electrolysis circuitry, automatic wire 
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threading, hand held pendant, programmable Z-axis, water chiller and 

filtration system. 

 

 

                                     Fig 4. Wire EDM Machine 

3.4. MAJOR COMPONENTS 
 

a) Mechanical Section  

b) Power Supply  

c) Dielectric System 

d) Computerized Numerical Control (CNC) 
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                      Fig 5. Schematic view of Wire EDM machine 

3.4.1. Mechanical section 
 

Machine movement is accomplished with precision lead screws with 

recirculating ball bearings on all axes that are driven by AC motors. 

Before shipping, the machine’s position is checked and any errors or 

backlash are corrected by pitch error compensation that is 

permanently stored in the computer’s memory. Machine tool consist 

of a main work-table(x-y table), an auxiliary table (u-v table), and a 

wire drive mechanism [18]. 

3.4.2. Power Supply 
 

When wire EDM machines were first introduced in the United States, 

they were equipped with power supplies that could achieve less than 

one square inch per hour. Today, most machines are rated to cut over 

twenty square inches per hour and faster. Faster or slower speeds are 
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obtained depending on the workpiece material, part thickness, wire 

diameter, type of wire, nozzle position, flushing condition and 

required part accuracy. Adaptive Control is yet another improvement 

where high speed circuitry has improved the spark gap sensitivity, 

reaction time of the servo motors, and changes to the power. With 

these improved capabilities, wire breakage is reduced to a minimum, 

making today’s machines far more "forgiving" than in the past[19]. 

3.4.3. Dielectric System 
 

Wire EDM uses deionized water as the dielectric compared to Vertical 

EDM’s that use oil. The dielectric system includes the water reservoir, 

filtration system, deionization system, and water chiller unit. During 

cutting, the dirty water is drained into the unfiltered side of the 

dielectric reservoir where the water is then pumped and filtered 

through a paper filter, and returned to the clean side of the dielectric 

tank [19]. 

 

3.4.4. Computerized Numerical Control (CNC) 
 

Today’s numerical control is produced with the needs of the operator 

in mind. Programs, machine coordinates, cutting speeds, graphics and 

relevant information is displayed on a color monitor, with easy to use 

menus. The numerical control offers the capabilities of scaling, mirror 

imaging, rotation, axis exchange and assist programs. This enables an 

operator to produce an entire family of parts from a single program 

without the need to edit the program. Mirror imaging is great for left 

and right handed parts. Scaling is useful when working with "shrink 

factors" for plastic cavities or extrusion dies. Assist programs find the 

edge of parts, vertically align the wire, and perform centering routines 

that are very useful to the operator when setting up jobs. One of the 

most important features that the control handles is offset. Programs 
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are created and written for the center of the tool (wire) to follow the 

outline of the part. If we are using a .010" diameter wire, it cuts a .012" 

slot with the power settings provided for the particular material [19]. 

 

3.5 Wire path 
 

When wire EDM was first introduced, copper wire was used on the 

machines because it conducted electricity the best. But as speeds 

increased, its limitations were soon discovered. The low tensile 

strength of copper wire made it subject to wire breaks when too much 

tension was applied. Poor flushability was another problem, due to 

coppers high thermal conductivity. Wire diameters range from .004" 

through .014" with .010" being the most commonly used. The wire 

originates from a supply spool, then passes through a tension device 

(different diameter wires require different amounts of tension to keep 

it straight). The wire then passes through a set of precision, round 

diamond guides, and is then transported into a waste bin. The wire 

can only be used once, due to it being eroded from the EDM process 

[17]. 

3.5.1 Wire kerf 

The wire never contacts the workpiece. If the wire would contact the 

workpiece, there would be a short circuit and no cutting would occur. 

The wire electrode cuts by means of spark erosion, thereby leaving a 

path slightly larger than the wire. A commonly used wire, .012" (.30 

mm), usually creates a .016" (.41 mm) kerf, as shown in Figure 6. 

Thinner wires have smaller kerfs. 
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                                   Fig 6.Wire Kerf 

 

3.5.2. Corners and Radii 

When the wire turns a corner, it can produce a sharp edge on the 

outside corner, but it will always leave a small radius on the inside 

corner, as demonstrated in Figure 7. The size of this radius is 

determined by the wire diameter plus the spark gap. To produce very 

sharp outside corners, skim cuts are made. Having small corner radii 

on the outside corners can prevent the need for skim cuts; this also 

reduces wire EDM costs. In stamping dies, sharp corners usually 

wear first, so a small outside radius is preferable. The minimum 

inside radius for .012" (.30 mm) wire is .0063" (.016 mm), and the 

minimum radius for .010" wire (.25 mm) is .0053" (.13 mm). These 

small radii are achieved by skimming. Smaller radii are possible with 

thinner wire; however, most work is done with thicker wires because 

thinner wire cuts slower. 
 

 

 

 

 

 

.016" (.41mm) 

Kerf 

 

 

                         .012” (.30 mm) Diameter Wire 
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Fig 7. Inside and Outside Corners 

 

 

3.6. Trim cutting or skim cutting 

For most jobs, the initial cut is sufficient for both finish and accuracy. 

However, for precision parts, skim cuts achieve greater accuracy and 

a finer finish. There are three main reasons for skim cuts: 

a) Barreling effect and wire trail-off 
b) Metal movement 
c) Finishes and accuracy 
 

A. Barreling Effect and Wire Trail-Off 

There is a .002" to .003" (.050-.076 mm) gap between the wire and 

the workpiece. (Gap is determined by the intensity of the spark 

energy.) In this gap, a controlled localized eruption takes place. The 

force of the spark and the gases trying to escape causes a slight 

barreling. On thick workpieces, this barreling causes the center to be 

slightly hollow. See Figure 8. 

                                                                                                                                                  Radius .0063 

 

 

 

 

.012 Wire 

 

Corner Can be Sharp 
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Fig 8. First Cut Corner Conditions 

When cutting sharp corners, the wire dwells longer by the inside 

radius, causing a slight overcut; on the outside radius, it speeds, 

leaving a slight undercut, as illustrated in Figure 9. That is why 

most new machines have a slow down program for corner cutting. 

To achieve maximum corner profiles; however, skim cutting is 

recommended. 

 

Fig 9. Skim Cutting is Used for Very Close 

Tolerances 

 

Direction of Travel 

 

 

Actual Cut 

 

Slight Hollow on First Cut 

Direction of Travel 

 

                                       .016" 

 

 

Slight Overcut Because Wire Dwells Longer 

 

 

                                    

                                   Slight Undercut 

                     Because Wire Goes Faster Around Corner 
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A trail-off is produced when the machine cuts a corner. A slight 

amount of material is left behind for a short distance before the wire 

returns to its programmed path. For most jobs, this slight undercut is 

negligible. 

The sharper the corner, the greater the overcut and undercut. The 

accuracy of the part determines the need for skim cutting. To avoid 

most of this barreling effect and wire trail-off, some wire EDM 

machines automatically slow down in corner cutting. Nevertheless, 

high precision parts still require skim cuts. 

 

B. Metal Movement 

Even though metal has been stress relieved, it may move after 

the part has been cut with wire EDM because the stresses within 

the metal were not totally removed in stress relieving. If metal has 

moved due to inherent stresses, and the part requires to be precise, 

then skim cuts are used to bring the part into tolerance. The 

accuracies called for by the print determine the number of skim cuts. 

 

C. Finishes and Accuracy 

First cuts produce a fine finish; however, sometimes a finer finish 

and greater accuracies are required. To accomplish this, skim cuts are 

used for various finishes that can be produced with wire EDM. (Some 

machines produce different results.) Skim cutting produces fine 

finishes because less energy is applied to the wire which creates 

smaller sparks and thus smaller cavities. These small sparks produce 

extremely fine finishes, and on some machines mirror finishes. 
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3.7. Profile Accuracy 
 

3.7.1. Influence of Process parameters on the Wire EDM 
process:--  
The main goal of WEDM manufacturers and users is to achieve a 
better stability of the process and higher productivity. As newer, more 
exotic materials are developed, and more complex shapes are 
presented, conventional machining operations reach their limitations; 
hence the increased use of WEDM in manufacturing continues to grow 
at an accelerated rate. Wire electrical discharge machining 
manufacturers and user emphasize on achievement of higher 
machining productivity with a desired accuracy and surface finish. 
However, due to a large number of variables even a highly skilled 
operator with a state-of the art WEDM is rarely able to achieve the 
optimal performance. 
The optimum utilization of the capacity of WEDM process requires 
proper selection of machining parameters. This part of literature 
review aims to investigate the effect of various process parameters on 
desirable output. WEDM is complex in nature and is controlled by 
large number of parameter as shown in Figure 10 
 

i) Influence of pulse parameter 
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In most of the commonly used wire-cut EDM, the pulse on time is the 
switch-on period of electrical charge to the capacitor bank and the 
peak current actually the charging current. Before, the capacitor has  

                                Figure 10. Factors Influencing the Wire EDM process [2] 

been charged to the peak voltage, a driving pulse with the preset on 
and off- time, switches on and off the transistors rapidly. Therefore, 
the gap voltage proceeds towards the full value step by step. The pulse 
on time, peak current and the capacitance determine the number of 
steps to reach the peak value. If the on time and peak current are 
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sufficient and the capacitance is small enough, the gap voltage can 
take only one step to jump to the peak value. 
 

ii) Effect of Frequency 
 
The total period of charging process is controlled by the four pulse 
parameters, namely, pulse on time, pulse off time (pulse frequency), 
capacitance and peak current. The actual average sparking frequency 
can be determined by the preset values of pulse on time, frequency, 
peak current, capacitance, and servo reference voltage. When other 
parameters are kept at constant values, lower servo voltage generates 
higher sparking rate (multi sparking) and short circuit frequencies, and 
vice versa. Commonly used pulsing circuit is represented in Figure 11. 
 
 

 

Figure 11. commonly used pulsing circuit in WEDM [8] 
 
 

As illustrated in Figure 12, increased discharge frequency can improve 
the surface finish within limits, by doubling the amperage and 
frequency; the metal removal rate will double without changing the 
finish [2]. At high frequencies, the amperage is reduced due to 
inductance, thereby reducing the MRR. The economics involved 
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therefore sets practical limit on surface finish. The relationship 
between current, frequencies on surface finish is shown in Figure 13. 
 
  

 

Figure 12 Effect of Current and Frequency on Surface Roughness and MRR [2] 
 
 
   

 

Figure 13 Surface Finish as related to Frequency and Current [2] 
 
  

iii) Influence of Wire Positioning 

 
Trezise concluded that the fundamental limit on machining accuracy 
is due to the dimensional consistency of the wire, and the positional 
accuracy of worktable. However, other factors conspire to prevent 
this theoretical precision from being achieved. Most of the 
uncertainties arise because the working region is an unsupported 
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section of the wire, remote from the guides. It is necessary to hold the 
wire in a designated position against the object because the wire 
repeats complex oscillations due to electrical discharge between wire 
and the work piece. It may also be noted that the unsupported length 
of wire changes with thickness of the job jeopardizing the wire 
vibration frequency. The computer controlled positioning system 
constantly maintains the gap between the wire and the work piece. 
Disturbances from the external and internal sources generate 
vibrations in the wire, which ultimately influence the repetitive 
sparking process in spite of the controlled positioning system. This 
deviation of the electrode from its mean position therefore has 
considerable influence on the occurrence of the next discharge. It also 
influences the breakdown voltage of the discharge and the discharge 
energy since the gap is changing continuously during the vibration. 
It was reported by Masuzawa [6] that the amplitude of the vibrations 
can easily reach 10μm or more, and cannot be neglected. Most 
commercial machines are specially designed for rigidity to minimize 
the tool deflection, even though it is not possible to completely 
eliminate the influences, which tend to displace the wire from its 
mean position. 
 

iv)  Effect of Wire Tension 
Within considerable range, an increase in wire tension significantly 
increases the cutting speed and accuracy. The higher tension 
decreases the wire vibration amplitude and hence decreases the cut 
width so that the speed is higher for the same discharge energy. 
However, if the applied tension exceeds the tensile strength of the 
wire, it leads to wire breakage (Figure 14). Moreover excessive 
amplitude of equivalent to the spark gap length might cause short-
circuit. 
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Figure 14. Change in Cutting Speed with Wire Tension [2] 
 

  
Jeenes et.al  found relation between the wire vibrations and 
occurrence of short circuits, resulting in lower cutting speeds and an 
increased possibility of wire rupture. The reasons shown above 
suggest the necessity for controlling the machine parameters in order 
to minimize the effects of the disturbances. 
 

v) Effect of Wire Material Composition 
 
A desirable wire material for WEDM electrode should posses following 
properties: 
a)  Adequate tensile strength with high fracture toughness 
b) High electrical conductivity [% IACS - International Annealed Copper 
Standard, a unit of electrical conductivity for metals and alloys relative 
to a standard annealed copper conductor; an IACS value of 100% 
refers to a conductivity of 5.80 × 107 siemens per meter (58.0 MS/m)]. 
c) Good flushing ability 
d) Low melting point and Low energy requirement to melt and 
vaporize [2]. 
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Sho et al. [11] reported that the machining rates increase with 
increase in Zn content in the wire. Higher the Zn content allows lower 
servo voltage (mean machining voltage), thereby making short 
circuiting difficult. The machining is known to increase with the 
increase in Zinc content. This is because of cooling due to zinc 
evaporation and also because the ZnO coating on the surface helps to 
prevent short circuits. 
Copper or brass core wires, coated with a Zinc or ZnO layer of 20-30μm 
thickness, when used increase the cutting speed. The evaporation of 
the zinc coating produces a ‘heat-sink’ effect in the wire and thus 
cooling the core material [10]. This ‘heat-sink’ effect on the wire 
results in the improvement of the efficiency of the WEDM process by 
reducing the wire temperature, and therefore allowing a more 
thermal flow, leading to an increase of the cutting speed by up to 50% 
[1], whilst due to evaporation of coating, the gap increases leading to 
better dielectric flushing, and debris removal. It also stabilizes the 
plasma column of spark. Research has also been conducted to 
improve the technology of the tool by overcoming the thermal effects 
to prevent the wire from breaking during the process. Different wire 
composition would determine their final performance. 
 

vi) Effect of Work Piece Material 
 
Researchers have also communicated that specific physical, 
metallurgical, and electrical properties of the work piece material also 
influence the process. These properties include how well the metal is 
polished, its magnetic condition, and how the metal was removed 
from the heat treatment process when it was produced. One must 
also consider the phenomenon of expansion and contraction 
according to the temperature of the material. For material processed 
by EDM or WEDM, the initial surface condition affects the results. 
A low melting point in the material increases the MRR and improper 
heat treatment of the metal results in distortion, breakage of the die 
and punches while machined by WEDM. As for example, Kim and 
Jeong [4] carried out WEDM tests on various cemented carbides with 
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different percentage of cobalt present in WC [GT 10 (6% Co), GT 20 
(12% Co), GT 30 (15% Co)] and found out that the percentage of cobalt 
has an influence on the speed of erosion. A high Co-content worsens 
the final surface quality as a greater quantity of solidified metal 
deposits on the eroded surface. 
 

vii) Effect of the Thickness of the Work Piece 

 
In the WEDM process, cutting speed decreases as the thickness of the 
work piece increases. Normally, WEDM uses a transistor controlled 
capacitor circuit in which the cutting speed is controlled by a capacitor 
value. When using a fixed capacitor to machine a thicker work piece, 
the cutting speed is decreased. 
Hatchek reported that the thicker the work piece, the faster is the cut, 
all other factors being equal. In any EDM operation, every pulse does 
not produce a spark. However, the longer length of wire electrode in 
a thicker work piece provides more opportunities for the spark to 
occur. This makes the process more efficient for a thicker work piece. 
 

viii) Influence of Dielectric 
 
The dielectric fluid and the flushing thereof perform following 
functions: 
a)  To insulate the gap before a large amount of energy is accumulated 
and to concentrate the discharge energy to a small area (insulator). 
b) To recover a desired gap condition after the discharge by cooling 
the gap and deionizing (cooling). 
c) To flush away the debris of the work piece removed by spark 
(flushing medium). 

 

ix) Flushing Pressure 
 
The commonly used flushing methods are immersion flushing, spray 
or jet flushing. Figure 15, shows the curve of influence of flushing 
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pressure on machining speed and surface roughness. The cutting 
performances during roughing cuts have been improved since the 
removed particles in the machining gap are evacuated more efficiently 
(the pressure must be reduced during finishing in order to avoid 
geometrical part errors). It can be seen that when flushing pressure is 
less than certain pressure value, it is impossible to do any machining. 
Along with increased flushing pressure the machining speed also 
increases, but when it is over 1 kg/cm2 (98066.5Pa), the increased 
trend slows down while the surface roughness improves gradually 
with increased flushing pressure; due to effective removal of debris. 
When flushing pressure is less than 0.3kg/cm2 (29420Pa), high 
temperature is easily registered along electric discharge area. 
  

  

  

 

 

Fig15. Influence of flushing pressure on surface roughness, machining speed 
 

3.8 Recent Developments in Wire EDM 

 

Enormous Research has been done during the last few years in the 
field of wire EDM, to increase metal removal rate, tool life, surface 
finish and to minimize the time consumed for the process etc. some 
of the recent developments are discussed here. For high speed cutting 
and highly accurate machining a wire electrode should have physical 
properties such as high conductivity, tensile strength, elongation etc. 
A EDM wire will break when a discharge introduces a flaw in the wire. 



 

Wire Electric Discharge Machining (WEDM) 

26 
 

Each spark creates a crater in both, the wire and work piece. This 
crater is termed as flaw in WEDM. As flushing conditions deteriorates, 
the tendency of wire breakage increases[3]. Zinc in the electrode 
enhances the performance but more than 40% zinc will result in wire 
drawing problems. These changes makes wire too brittle, to escape 
this difficulty, zinc is added to the surface of wire which helps in sliding 
the wire through the wire guide. These coated wires offer highest 
cutting speeds. Authors found that the zinc coatings enhance the 
speed and performance of the wire electrode. It has been discovered 
that the addition of zinc to copper wire improves the performance of 
the wire in many ways. The wire gives more energy to work zone as 
the zinc present in the wire evaporates while cutting and cools off the 
wire, also some particles of zinc help in ionization of the gap and 
cutting process[3]. 
 

A. Wire EDM with Coated Electrodes 
 

In 1979 researchers discovered that wire electrodes coated with low 
vaporization temperature metal or alloy gives more protection to the 
core of the wire from thermal shock [4]. U.S. Patent No.4968867-90, 
discussed the use of a wire electrode which includes a core wire having 
high thermal conductivity, then a layer of low boiling point metal or 
alloy and outermost layer of a metal/alloy having high mechanical 
strength, which ultimately results in increasing the machining speed 
[5]. 
In recent years, high performance coated wires, having high 
conductivity and better flushibility have been developed and used for 
machining, resulting in better surface finish and improved cutting 
speeds [6]. But these wire are costly as well as cause many impurities 
in dielectric fluid and also some environmental hazards [7]. 
 

B. Wire EDM with Multi- Layered Electrodes 
 
Korean Patent No.10-1985-0009194 reported a wire electrode, which 
includes a steel core coated with copper or some other materials. 
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Large amount of work has been reported in various patents for multi 
layered steel core wire electrodes and majority of these multi layered 
wire electrodes results in accuracy and precision problems with 
increased tool life. It may be therefore concluded that coating is done 
on the steel wires to achieve high strength and rigidity [8]. Kruth, et. 
al. of Katholieke University, Belgium studied and experimentally 
tested several compositions of wires, with high tensile core and 
several coatings. They have found that, while cutting with prototype 
wires, a significant rise in accuracy is obtained, especially in corner 
cutting, while the cutting rate is at a comparable level as commercial 
reference wire[9]. 
 

C. Wire EDM with Advance Power Supply 
 
Mu-Tian Yan and Yi-Peng Lai of Huafan University, Taiwan, have 
developed a new fine finish power supply in WEDM. The supply is 
transistor controlled and composed of a full bridge circuit, two 
snubber circuits and a pulse control circuit, to provide the functions of 
anti-electrolysis, high frequency and very low energy pulse control. 
Test results indicated that, with the adjustment of capacitance in 
parallel with the sparking gap, will results in shortening the pulse 
duration of discharge current. Experimental results shows that, the 
developed fine power supply is very useful in eliminating titanium’s 
bluing and rusting effects and also in reducing micro cracking in 
tungsten carbide caused by electrolysis and oxidation. It is also useful 
in achieving fine surface finish of the order of 0.22 μm Ra [10]. 
 

D. Model for Powder Mixed WEDM using FEM 
 
Kansala et. al. (2008) proposed a simple and easily reasonable model 
for an axisymmetric two-dimensional model for Powder Mixed Electric 
Discharge Machining (PMEDM) using the FEM. The model uses many 
important features such as temperature sensitive material properties, 
shape and size of heat source (Gaussian heat flux distribution), % 
distribution of heat among tool, work piece and dielectric fluid, pulse 
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on/off time, material discharge efficiency and phase change etc. To 
predict the thermal behavior and material removal mechanism in 
PMEDM process. The developed model first calculates the 
temperature scattering in the work piece material using ANSYS 
software and then material removal rate (MRR) was predictable from 
the temperature profiles. The effect of various process parameters on 
temperature circulations along the radius and depth of the work piece 
has been studied. Finally, the validatization was done by relating the 
theoretical MRR with the experimental MRR obtained from a newly 
designed experimental setup [11-12]. 
 

E. New Control System to Improve Machining Accuracy 
 
Mu-Tian Yan and Pin–Hsum Huang have presented a closed loop wire 
tension control system for WEDM to improve the machining accuracy. 
Dynamic performance of the closed loop wire tension system was 
examined by Proportional Integrate (P.I.) controller and one step 
ahead controller. Further in order to reduce the vibration of the wire 
electrode, dynamic dampers were employed. From a series of 
experiments they have concluded that, this system can achieve fast 
transient response and a small steady state error than an open loop 
control system. They have also concluded that error of geometrical 
contour can be reduced approximately up to 50 % while corner 
cutting[13]. 
 

F. New Guide to Eliminate Wire Bending Defects 
 
Research Scholars in university of Tokyo/Japan have developed a new 
guide of wire electrode. The guide does not cause locally sharp 
bending of the wire, and wire runs through the guide smoothly. Hence 
helps in reducing the defects that arises due to sharp bending of the 
wire [14]. 
 

G. New Materials for WEDM Electrodes 
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Prohaszka et al (1996) proposed the requirements of the materials 
that can be used as WEDM electrodes and will lead to the 
improvement of WEDM performance. He discussed the material 
requirements for fabricating WEDM electrodes for improving WEDM 
performance. Experiments were carried out regarding the choice of 
suitable wire electrode materials, the effects of the material 
properties on the machinability of WEDM. He evaluated the influence 
of the various materials used for the fabrication of wire electrodes on 
the machinability of WEDM. A series of experiments have been 
conducted on a standard EDM unit. Negative polarity rods of pure 
magnesium, tin and zinc, of a diameter of 5.0 mm were used as the 
tool electrodes. The work piece (anode) was annealed non alloyed 
steel with low carbon content. The operational parameters were kept 
constant during all the experiments performed [15]. 
 

H. Wire Electrodes with Cryogenic Treatment 
 
In electronics industries, Aluminum, Brass, Copper, Tin, Lead shows 
better wear resistance after cryogenic treatment. EN 31 steel, when 
machined with cryogenic treated brass wire, with three process 
parameters namely type of wire electrode, pulse width, and wire 
tension, shows a significant improvement in Surface Roughness than 
the untreated wire electrode. Strong interaction is observed between 
type of wire and wire tension; pulse width and wire tension[16]. 
 

I. Advancements in taper cutting 

Most Wire EDM’s are equipped with a programmable "Z" axis giving 

precise control of the upper guide assembly to ensure accurate tapers. 

The rigid U and V axis is positioned away from the work area to avoid 

moisture, contamination and deflection from the high pressure flush. 

These axes provide movement to the top portion of the wire to 

produce taper angles of up to +/- 30 degrees. Tapering values can be 

changed within the program. This is useful for mold applications or 

form tools that have different side and frontal taper relief angles. The 
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machine control knows where the upper and lower guide are in 

relation to the worktable. The amount of taper angle, and direction 

the wire is tilted in relation to the program path is in the program. 

4. Applications of Wire-Cut EDM 
 
Wire EDM is used for cutting aluminium, brass, copper, carbides, 
graphite, steels and titanium. A schematic of the cutting through wire 
EDM. The wire material varies with the application requirements. 
Example: for quicker cutting action, zinc-coated brass wires are used 
while for more accurate applications, molybdenum wires are used. 
The process is used in the following areas: 
(i)   Aerospace, Medical, Electronics and Semiconductor applications 
(ii)  Tool & Die making industries. 
(iii)  For cutting the hard Extrusion Dies 
(iv)   In making Fixtures, Gauges & Cams 
(v)   Cutting of Gears, Strippers, Punches and Dies 
(vi)   Manufacturing hard Electrodes. 
(vii)  Manufacturing micro-tooling for Micro-EDM, Micro-USM and 
such     other micromachining applications. 
(viii)  WEDM process is able to machine exotic and high strength and 
temperature resistive (HSTR) materials and eliminate the geometrical 
changes occurring in the machining of heat-treated steels. 
(ix)   WEDM is also used for varying degree of taper ranging from 15 
degree for a 100 mm thick to 30 degree for a 400 mm thick workpiece. 
 

5. Conclusion 
From the above report, it may therefore be concluded that Due to high 
precision and good quality of surface finish, WEDM is potentially an 
important process. It can be used for the fabrication of micro 
components, more efficiently and more effectively on industrial scale. 
Some work has been done with Cryogenic treatment on the different 
types of work pieces; this area can play a vital role in the development 
of WEDM. More compositions may be developed and used for the 
new multilayered electrodes; fine finish power supply can explore 
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more zones to achieve good quality of surface finish as well as 
enhanced tool life. Wires with greater tensile strength can be made 
but they face adverse effects in terms of increase in resistance to 
breakage. Coated wires can perform better in the present scenario 
where surface finish and tool life is most preferred. The zinc coated 
brass wires performs better when compared to simple brass wire 
because of its low wear rate and low breakage at increased currents. 
To sum up we can say enormous research has been done in the past 
and large amount of work can still be done in the future on the topic, 
so that WEDM can serve the purpose of high speed machining with 
good quality products in short time period and at reduced costs. 
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